In addition to encapsulation, "release from droplets" is also desirable in order to design flexible continuous processes. For example, if two kinds of droplets encapsulating different solutions are mixed, and coalesce to release their content, then the reagents will mix very quickly. However, droplet coalescence is not an easy operation, especially, when surfactants are used for stabilizing the droplet generation.
Microfabricated devices, called lab-on-a-chip or MicroTAS, have applications in various fields, such as chemical synthesis and chemical and biochemical analysis. 1 Recently, microdroplets generated in microfabricated devices have received much attention. [2] [3] [4] [5] [6] [7] [8] One of the most distinctive features of microdroplets is the encapsulation of various materials. For instance, chemical synthesis, 3 protein crystallization, 4 and the synthesis of micro/nano particles 5 have been demonstrated inside a droplet. Biological cells 6 and droplet encapsulations 7 have been reported as well.
In addition to encapsulation, "release from droplets" is also desirable in order to design flexible continuous processes. For example, if two kinds of droplets encapsulating different solutions are mixed, and coalesce to release their content, then the reagents will mix very quickly. However, droplet coalescence is not an easy operation, especially, when surfactants are used for stabilizing the droplet generation.
In order to accomplish the release operation, a novel method to invert W/O (water-in-oil) droplets into O/W (oil-in-water) ones using a shallow hydrophilic channel (Fig. 1a) is proposed. The droplet type (W/O or O/W) is determined by the microchannel wall wettability of the generation part. 8 After aqueous droplets are generated in an organic continuous phase from a shallow hydrophobic channel, the dispersed and continuous phases are inverted. In this concept, two or more kinds of initial droplets dissolving different solutes are assumed, and therefore an instantaneous droplet inversion method should be developed rather than the plug inversion method mentioned in the literature. 8 A glass microchip was fabricated using a two-step photolithographic HF wet etching technique. 9 As illustrated in Fig. 1b , the shallow channels for droplet generation and inversion connect with the deep channels. The depth and width of the shallow channel for droplet generation are 2 and 60 μm, respectively, and those for inversion are 2 and 80 μm, respectively. The deep channels are 200 μm wide and 40 μm deep. The distance between the generation and inversion structures is 30 mm. The channel wall before the inversion structure (left) was hydrophobized by octadecyltrichlorosilane modification in order to generate stable W/O droplets. The contact angle of the aqueous phase in hexane on the hydrophobized surface was 160 . The remaining surface was hydrophilic. The outlet of the main channel was closed in order to make all the droplets flow through the shallow channel for inversion.
The filling ratios of the dispersed phase before and after the inversion (R and R′) are defined as
where Fwater, Foil, and Ftotal correspond to the volume flow rates 2011 © The Japan Society for Analytical Chemistry † To whom correspondence should be addressed. A method for releasing the content of microdroplets by changing the channel wall wettability is proposed. The contents of aqueous droplets were released to the continuous phase by inverting 10-μm-sized W/O droplets into O/W ones in a 2-μm-deep hydrophilic channel. The combination of "encapsulation" and "release" in microdroplets facilitates micromixing and reaction. 
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of the aqueous phase, the organic phase, and the total volume flow rate, respectively.
The aqueous phases of 200 μM fluorescein were introduced from both the upper and lower channel sides to hexane flow containing 0.5% Span 80 under the condition of Ftotal = 120 μL/h and R = 60% (Fig. 2a left) . The diameter of the droplets was around 10 μm. In the lower-left micrograph in Fig. 2a , the organic phase appears to be black and the aqueous droplets are green due to the fluorescence of fluorescein. W/O droplets were introduced to the shallow hydrophilic channel (Fig. 2a,  upper left) . Consequently, as the lower-right Fig. 2a shows the green droplets in the lower channel were converted into the continuous phase in the upper channel, and black droplets were generated. In other words, W/O droplet flow, which had R = 60%, successfully inverted to O/W droplet flow with R′ = 40%. The W/O droplets were inverted under the condition of Ftotal = 120 μL/h and R = 20 -60% by controlling the structure and surface. The W/O droplets were inverted regardless of the fluorescein sodium salt and Span 80 concentrations.
When R was several percent, W/O droplets passed the shallow hydrophilic channel and the droplet inversion failed. In this case, the O/W droplets were not stable because the large R′ (more than 90%) decreased the continuous phase after inversion. This suggested that the inversion method works only when R and R′ fulfill the stable conditions before and after the inversion.
Adsorption also affects the inversion. When the aqueous phase containing a cationic dye (Rhodamine 6G) was used, the W/O droplets could not be inverted. While the contact angle of fluorescein aq. on a bare glass surface was 2 -18 , that of Rhodamine 6G aq. was 50 -60 . The adsorption of Rhodamine 6G hydrophobized the glass surface, which was not suitable for inversion (aqueous phase adsorption and organic phase dispersion).
Subsequently, in order to demonstrate the combination of "encapsulation" and "release," a droplet micromixing system was designed. Aqueous droplets of 12.5 mM luminol, 25 mM NaOH, and 10 mM H2O2 were generated at the upper channel, and droplets of 10 mM potassium ferricyanide were generated at the lower one. The continuous phase was hexane containing 0.5% Span 80. The flow conditions were set to Ftotal = 240 μL/h and R = 20%. Under this condition, two kinds of droplets moved randomly in the 30-mm-long main channel to achieve a well-mixed state (the microdroplet mixing exhibits interesting phenomena, but these will be reported elsewhere). Then, the W/O droplets were inverted to O/W droplets in order to release the reagents. As a result, chemiluminescence from the luminol reaction was observed just after the shallow channel (Fig. 2b) . In principle, the mixing length of this reactor is expected to be approximately equal to the diameter of a droplet (10 μm). This mixing system has great possibility to be applied to various chemical processes, such as analytical systems and microreactors.
We proposed and demonstrated a method to release the contents of microdroplets using a shallow hydrophilic channel. In this method, W/O droplets were immediately inverted to O/W droplets, and their inclusions (encapsulated aqueous phases) were released to the continuous phase. Utilizing this method, combining the concepts of "encapsulation into droplets" and "release from droplets" was successfully demonstrated. This combination makes the design of chemical processes in a microchip more flexible.
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